merly RhLomonas suberifaciens, although several other bacterial species have been isolated (van Bruggen, 1997) . The incidence of corky root may be reduced by soil fumigation (O'Brien and van Bruggen, 1990) and by using lettuce transplants instead of direct seeding (van Bruggen and Rubatzky, 1992) , but these practices may not be economically feasible for the Salinas Valley, the major lettuce production area in California (Patterson et al., 1986) . The use of cultivars resistant to S. suberifaciens has been and should continue to be an important management strategy for corky root. The resistance to corky root is conferred by a recessive allele (cor) at a single locus (Brown and Miehelmore, 1988) , which has been deployed in most resistant lettuce cultivars.
Lettuce mosaic virus (LMV) causes serious disease problems in the production of lettuce worldwide. Plants susceptible to LMV exhibit systemic symptoms of vein clearing, mottling, leaf recurving, leaf margin frilling, distortion, stunting, and occasional necrosis. LMVis primarily transmitted by the green peach aphid (Myzus persicae Sulz.) and can cause losses of up to 100% (Ryder, 2002) . In California, the disease is generally controlled by the use of virus-free seeds in a seed certification program. In Received for publication 20 Nov. 2006 . Accepted for publication 10 Feb. 2007 . This research was supported in part by grants from the California Lettuce Research Board. We thank JoAnn Tanaka, David Milligan, and Sharon Benzen for technical assistance and Gary Vallad and Yaojin Peng for critical review and discussion of the manuscript. 'To whom reprint requests should be addressed; e-mail hmou@pw.ars.usda.gov Europe, South America, and other lettucegrowing areas, lettuce mosaic is controlled through the use of resistant cultivars (Zerbini and Gilbertson, 1997) . Two recessive resistant alleles at a single locus, iiio-1(moF ) and ,,io-1 (0/012), are incorporated in resistant cultivars in Europe and in the United States, respectively (Dinant and Lot, 1992; Ryder, 1970) and have recently been cloned and sequenced (Nicaise et al., 2003) .
Although a crisphead cultivar with resistance to both corky root and lettuce mosaic is commercially available, it is protected by a utility patent (Sarreal, 1997) , which greatly restricts breeding research. Although the Plant Variety Protection Act in the United States allows the use of a protected cultivar for breeding, a patent prohibits the use of registered material for breeding without assignee permission. There is a need for public gennplasm that will facilitate the research and development of new cultivars and germplasm. In this article, we describe seven breeding lines with combined resistance to the two diseases and adaptation to the major lettuce production areas of the central coast of California.
Origin
The breeding lines were derived from crosses between eultivars 'Salinas 88' that has /no-/ (112) alleles (Ryder, 1991) and 'Glacier' and 'Misty Day' that have cur alleles (Ryder and Waycott, 1994) . The F1 plants were backcrossed to 'Salinas 88' once, and BC 1 F 1 and BC 1 F2 generations were screened for resistance to LMV in a greenhouse. BC 1 F 3 to BC 1 F6 progenies were grown in a field with a history of corky root disease and were selected for resistance to corky root and desired head characters. BC 1 F6 breeding lines 04-0344, 04-0350, 04-0353, 04-0363, 04-0368, and 04-0375 are from the original cross to 'Glacier', whereas 04-0379 came from the cross to 'Misty Day'.
Description
The breeding lines have dull, medium dark green outer leaves similar to 'Salinas 88' and related cultivars. Green color extending close to the core is visible on a partially trimmed head. The interior is creamy yellow.
Leaf margins are incised, indented, and mildly undulated. The leaf surface is slightly crinkled or blistered. Outer leaves are broader than long. Heads are well rounded, partially covered, and firni at maturity. The butt is flat, and ribs are flat but become more pointed toward the base. Bases of outer and interior leaves overlap well. The texture is relatively soft and flexible, and inside leaves are crispy. Seeds are black.
Disease resistance. cm between rows on a 1-rn-wide bed. Standard production practices were followed in these trials. At harvest maturity, the roots of six randomly selected plants from each plot were rated using Brown and Michelmore's (1988) scale of 0-9 (0, no disease symptom; 9, plant died from the disease). The corky root ratings of the breeding lines were not significantly different front cultivars with the cor gene, 'Bronco', 'Cannery Row', 'Glacier', 'Premiere', 'Sharp Shooter', and 'Sniper', but were significantly lower than the susceptible cultivars 'Salinas' and 'Silverado' (Table I) .
The breeding lines were tested for their resistance to lettuce mosaic following the method described by Ryder (2002) . Fifteen randomly selected seeds from each line, resistant control 'Salinas 88', and susceptible controls 'Glacier' and 'Misty Day' were sown in plastic pots (10 x 10 x 10-em) containing a mixture of 2 sand: 1 soil (by volume) and were germinated and grown in a greenhouse. Plants were thinned to 12 per pot and were inoculated at the three-to four-leaf stage. The virus used was originally collected from a single plant in a lettuce field in the Salinas Valley in 1958. It has been maintained at the U.S. Dept. of Agriculture facility in Salinas by plant-to-plant transfer without any apparent loss in virulence. The vector was the green peach aphid, cultured on a long white radish, transferred to LMV-infected lettuce plants and then to healthy seedlings. 'Corky root ratings using Brown and Michelmore's (1988) scale of 0-9. Number of leaves with tipburn per head. 'Statistical analysis could not be performed because some plots were not harvested by shippers.
'Least significant differences at P < 0.05.
resistance genes (Grube and Ochoa, 2005) and were not resistant to lettuce drop (Sc/erof inia minor Jagger). Other disease reactions have not been tested.
Performance and adaptation. In the field trials mentioned, six plants were randomly sampled from each plot. Frame and wrapper leaves were removed and the heads were harvested and weighed. The heads were then cut open to measure head diameter, head height, core length, and core diameter at the base. The number of leaves with tipburn disorder in each head was also recorded. The remaining plants in the plots of growers' fields were divided into harvestable and nonharvestable categories and harvested by commercial shippers. The percentage of plants in the harvestable category that were actually hasvested was noted as harvest % (Ryder, 1986) . In general, the head weight of the breeding lines was significantly higher than 'Salinas' that was released in 1975 but comparable to the newer commercial cultivars (Table I) Table 1 . Although no significant differences were detected among the genotypes tested, the breeding lines seemed to have tipburn reactions similar to 'Salinas', a cultivar with a high level of tolerance to tipbum.
The head diameter and head height of the breeding lines were significantly larger than 'Premiere' and 'Salinas' but were similar to 'Bronco' and 'Sharp Shooter' (Table 2) . A relatively short core length is generally preferred by most lettuce processors. The breeding lines each had core length comparable to commercial cultivars with the exception of 04-0350.
In the limited trials, the breeding lines performed well in the Salinas Valley, producing a high percentage of heads of adequate size, shape, and uniformity. The adaptation of these breeding lines to other lettuce-growing regions has not been evaluated.
Seed Availability
Limited samples of seed are available from the authors for distribution to all interested parties for research purposes, including the development and commercialization of new cultivars. Samples will also be deposited in the National Plant Germplasm System. It is requested that appropriate recognition be made if the breeding lines contribute to research or the development of new germplasm, breeding lines, or culttvars. 0.5 0.4 0.5 0.1 'Least significant differences at P < 0.05.
